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Electron microscopic investigation of changes
in human and guinea pig epidermis following
ultraviolet irradiation has revealed that there is
a large increase in numbers of an irregular dense
body found in the cytoplasm of basal layer
cells. (1) Although the appearance of this body
by electron microscopy was similar to that of
eytoplasmic inclusions described as "lipid
bodies" in other tissues, the real nature of the
organelle was unknown. Four approaches were
used for the study of the dense bodies:
1) Electron microscopic comparison was
made of irradiated and control intact epi-
dermis.
2) Differential centrifugation was performed
on homogenates of irradiated epidermis to ob-
tain the largest numbers of irregular dense
bodies for comparison of their morphology and
enzyme responsiveness to those of intact epi-
dermis.
3) A mechanical separation technic with a
earbobydrate-free suspending medium was used
for isolation of irregular dense bodies to com-
pare carbohydrate content between control and
irradiated samples.
4) Chromatographie analyses were made to
qualitatively characterize the carbohydrate in
irradiated epidermis.
MATERIALS AND METHODs
The dorsal skin of white male guinea pigs (325
to 400 gm) was irradiated after clipping and shav-
ing with an electrical shaver.
Sources of the radiation were: (a) a hot quartz
mercury vapor lamp (Burdick type QA-450-N, 410
W) at 21" from lamp to floor of box (containing
guinea pigs) for 8 minutes, and (b) a bank of four
Westinghouse Fluorescent Sun Lamps (FS2O) at
13" from lamp to floor of box for 90 minutes.
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Separation technic A—for electron
microscopy
At selected time intervals after irradiation the
animals were killed by cervical luxation. The dor-
sal skin of each irradiated and control animal was
excised as a large rectangular piece. The piece was
tacked to a board and scraped with sharp, new
razor blades in order to separate the epidermis
from the dermis. Aliquots of each scraping and
portions excised from each scraped pelt, after
formalin fixation, were embedded in paraffin and
sectioned for light microscopy to determine the
purity of the epidermal samples obtained. The
epidermis scraped from the pelts was suspended in
cold, 0.3 M sucrose and homogenized in a Kontes
Dual Tissue Grinder. The homogenate was passed
through successively finer stainless steel wire
meshes to remove large particles of cellular debris.
Differential centrifugation was performed on the
filtrate obtained from the 200 mesh filter the open-
ings of which were 40 diameter. The scheme out-
lined in Table I was used.
Separation technic B—for biochemical
procedures
This technic was used to obtain material for
analysis in a sucrose-free suspension. In this
scheme, weighed tissue scraped from excised pelts
of the guinea pigs was homogenized in distilled
water with the Kontes Dual Tissue Grinder. The
homogenate was then passed through a graded
series of stainless steel filters of 40, 60, 80, 100, and
200 mesh sizes. The residue retained by each screen
was washed with several aliquots of distilled water.
The combined filtrate and washings were made up
to 240 mls and centrifuged for 10 minutes at 1100
x G in 50 ml tubes. The supernatant was passed
through a series of Millipore filters with decreasing
pore size: 8, 5, 3, and 0.45 e. The 0.45 s filters
having particles ranging in size from 0.45 to 3 e
were retained. The particles were recovered by
solubilizing each filter in 24 ml of acetone. The
resulting suspension was centrifuged 5,000 x G for
15 minutes, and the supernatant was discarded.
The sediment was re-suspended twice in the same
volume of acetone and resedimented. After evap-
oration of solvent the sediment was suspended in
distilled water for enzyme degradation. The fil-
trates from the above procedure, being the ma-
terials passed through the 0.45 e Millipore filter,
were assayed for total carbohydrate (Table IV).
After incubation with the enzyme, the digests were
again passed through a 0.45 i filter. Aliquots of
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TABLE I
Homogenate
Gravity flow through 40 mesh filter
Particles remaining on filter resuspended in
50 ml of 0.3 M sucrose and refiltered 2 times
Residue on filter discarded
Through 60, 100, and 200 (40 p) mesh filters in succession. After initial
passage, particles remaining on filter were resuspended in 50 ml. of 0.3 M
sucrose and refiltered 2 times through each filter.
Filtrate Residue on filter discarded
Centrifuge (700 X G; 10 minutes)
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Sediment
(resuspended in 0.3 M sucrose)
15,000 )< G; 10 minutes
0s04 fixation for electron microscopy
Supernatant
11,000 X G; 10 minutes
Sediment Supernatant(resuspended in 0.3 M sucrose)
15,000 X G; 10 minutes
Supernatant
Supernatant
the filtrate were assayed for total carbohydrate
content. The remaining filtrate was lyophilized
and examined by thin layer chromatography for
carbohydrate identification.
Histochemical technic for light microscopy
For histochemical investigation, skin specimens,
obtained by punch biopsy from the dorsal surfaces
of animals irradiated by the FS2O Sun Lamps im-
mediately before, and at 6 and 12 hours after ir-
radiation, were fixed in 10% neutral buffered
formalin. Serial sections were stained by hema-
toxylin-eosin, Gram-Weigert, periodic acid-Schiff,
Alcian blue, Astrablau, Rinehart-Abul Haj, Oil
red 0, and Sudan Black B methods.
For -D-glucosidase histochemical studies (2),
Sediment I
OSO4 fixation for electron microscopy
Sediment II
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biopsy specimens were obtained before, and at 6
and 12 hours after irradiation. The formalin-fixed
specimens were sectioned on a microtome in 10
thick sections. The sections were floated freely for
4 hours at room temperature on a solution of: 6-
bromo-2-naphthyl--D-g1ueose (1 mg./ml. in 2-
methoxyethanol) diluted 10-fold with 0.1 M phos-
phate buffer, pH 6.3, and Fast Blue B (0.07
mg/ml). The solution was changed every 10 min-
utes. After being stained, the sections were floated
onto slides. Coverslips were applied and sealed to
each slide.
Histochemical technic for electron microscopy
In experiments conducted for enzymatic degra-
dation of tissue sections, the guinea pigs were ir-
radiated with the FS2O lamps. Specimens from
dorsal surfaces were removed by biopsy punch
from these animals at 6 and 12 hours after irradia-
tion. For comparison tissue sections from unir-
radiated control animals were removed at the
same time intervals. The specimens were cut into
1 mm cubes and fixed in cold, phosphate-buffered
(pH 7.3), 1% osmium tetroxide solution. Fixation
of the tissue in 10% neutral buffered formalin was
followed by dehydration with graded alcohols. The
specimens were then embedded in Maraglas epoxy
resin (3), and cured at 60° C for 48 hours before
cutting. Sections for electron microscopy were cut
on a Porter-Blum microtome and placed on copper
grids without supporting films. After uranyl ace-
tate staining, the specimens were examined in the
RCA EMU 3F electron microscope.
Blocks of tissue, containing cytoplasmic irregu-
lar dense bodies were sectioned serially. Sediments
I and II, and material retained on the 0.45
Millipore filter (see below) after embedment in
Maraglas, were also sectioned and placed on cop-
per grids. Sections of irradiated human epidermis
containing irregular dense bodies were also ex-
posed to enzymes. (1) Grids were floated (section
side down) on enzyme and buffer-control solu-
tions. The following enzymes and buffers were
used for incubation of thin sections:
(a) Trypsin, 125% or 2% in GKN*, pH 7, at
room temp. for 3 hours. (Difco)
(b) Pepsin, 2% in GKN, pH 2.0, at room temp.
for 3 hours. (Nutritional Biochem. Co.)
(c) Pancreatic lipase, 2% in GKN, pH 8, room
temp. for 3 hours (Worthington Biochem. Corp.)
(d) Paucreatic lipase, 0.065% in 0.005 M CaCl2,
pH 8.0, room temp. for 2—4 hours. (Worthington)
(e) a-amylase, 0.4% in 0.02 M phosphate buffer,
pH 6.9, room temp. for 2 hours. (Worthington)(f) Diastase, 1% in 0.01 M phosphate buffer,
p11 60, containing 0.015 M NaCl, room temp. for
4 hours. (Mann Research Lab. Inc.)
(g) Hyaluronidase, 0.1% in 0.066 M phosphate
buffer, pH 6.0,37° C for 2 hours. (Worthington)(h) Muramidase, 0.4% in 0.066 M phosphate
buffer, pH 7.0, 25° C for 2 hours. (Worthington)
(i) Ribonuclease, 0.1% in distil, water, pH 6.8,
37° C for 1¼ hours, (Worthington)
Some sections on grids were floated on 2% hy-
drogen peroxide for 10 minutes at room tempera-
ture to oxidize tissue-bound osmium.
After exposure to enzyme or buffer solutions,
the grids bearing sections were washed in distilled
water and the sections were stained with uranyl
acetate before examination in the electron micro-
scope.
Biochemical technics
For quantitative carbohydrate comparison, the
guinea pigs were irradiated with the hot quartz
mercury vapor lamp. Separation Technic B was
used for obtaining epidermal samples from both
control and irradiated animals. The control and
irradiated samples were subjected to -amylase
(Worthington Biochemical Corporation, twice
crystallized enzyme 0.4% in 0.02 M phosphate
buffer, pH 6.0, 20° C for 2 hours) and malt diastase
(Mann Research Laboratories, Inc., U.S.P., 1% in
0.01 M phosphate buffer, pH 6.0, containing 0.015
M NaCl, room temp. for 2 hours for assay proce-
dures, 16—18 hours when used for chromatography)
digestion. Total carbohydrate analysis was made
utilizing the anthrone reaction (4). Analyses were
in triplicate. The readings were compared to a
prepared standard glucose curve. As an additional
check of the assay, glucose standards (0.002 mg/mI
and 0.008 mg/ml) were run with each analysis.
As a chromatographic reference, glycogen was
digested with diastase in a manner similar to the
digestion of the guinea pig epidermal suspension.
The deionizing and fractionation procedures used
with the guinea pig epidermal suspension were
also used with glycogen as well. The digests were
deionized by passage through a Bio-Rad 11A8 ion
retardation resin column (0.8 x 42 cm.). The resin
flow rate was modified by grinding a quantity of
the 50 to 100 mesh beads in a Wiley Mill through
a 60 mesh screen. The fines were removed by set-
tling and decantation. The ground resin was in-
troduced into the column and washed with several
volumes of distilled water. Flow rate for the col-
umn was 20 drops per minute. The lyophilized ma-
terial from diastase digestion, reconstituted with
minimal water, was applied to the column, eluted
with water, and collected in 20 drop fractions. The
individual fractions were concentrated by lyophil-
ization and chromatographed on thin layer plates
to determine the fractions to be used for further
column chromatography. The ion-retarding col-
umn was regenerated by the passage of several
volumes of distilled water through the resin. After
deionization, the enzyme digests were fractionated
on a cellulose column prepared by washing a quan-
tity of Whatman Ashless Cellulose Powder three
times in ethanol, decanting the fines after settling
for five minutes. The ethanol was decanted and
replaced by a quantity of N-butanol/acetic acid!
water solvent (60/15/25 by volume). This slurry
was added to a chromatographic column (1 x 14
* Glucose 1%, sodium chloride 0.8%, potassium
chloride 0.04%.
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cm) and washed with several volumes of solvent.
The lyophilized materials dissolved in minimal
water or solvent were applied and eluted with the
same solvent and collected in 60 drop fractions.
These fractions were individually lyophilized, re-
constituted with water, and applied to the thin
layer plates. The appropriate tubes containing glu-
cose and maltose were pooled, lyophilized, and
refractionated on the cellulose column to remove
the contaminants from the fractions.
Thin layer chromatography was performed on
the glass plates 20 x 20 cm with a 250 /L layer of
Silica Gel G (Research Specialties Co.). Solvent
systems utilized were N-butanol/acetic acid/water
(60/15/25 by volume), N-butanol/pyridine/0.l M
hydrochloric acid (60/36/24 by volume) and pro-
panol/water (80/20) by volume. Materials were
localized by spraying the developed and air dried
plates with the same anthrone reagent used in the
colorimetric tests. The sprayed plates were heated
in the oven at 100° C for 15 minutes. The green to
blue spots were marked immediately since the
colors faded rapidly. Increased resolution could be
achieved by viewing with IJV light.
RESULTS
Gross changes
The irradiated skin of the animals was red,
feverish and slightly tender at 6 and 12 hours
after irradiation whereas that of unirradiated
control animals was, of course, normal.
Histochemical observations by light microscopy
6' hours post-irradiation. At this interval, no
differences were discerned between irradiated
and control epidermis stained by hematoxylin-
eosin, Oil red 0, Sudan black B, periodic
acid-Schiff. Stains for a-D-glucosidase revealed
no reactive granules although they were present
in unirradiated controls.
1 hours post-irradiation. At this time, ir-
radiated epidermis was unchanged from control
epidermis when further examined by staining
with Alcian blue, Astrablau, and Rinehart-Abul
Haj technics, in addition to those stains used
for the 6 hour specimens.
Periodic acid-Schiff stains of control epi-
dermis revealed only rare reactive granules in
basal and spinous layers. Contrariwise, in the
irradiated epidermis, a moderate number of
cells in basal and spinous layers (and a few in
the granular layer), contained from one to
numerous PAS-positive granules. The granules
were estimated to be 0.5—1.0 in diameter
and were present in isolated cells. Cells con-
taining these reactive granules were found in
the midst of other cells containing no granules.
The external root sheaths of several hair folli-
cles also contained PAS-reactive granules. The
PAS-positive granules were removed by diastase
digestion.
Control epidermis exhibited an intensely
Gram positive zone, 1—2 cells thick (much
thicker in a few small foci), at the junction of
the stratum granulosum with the stratum
corneum. In the irradiated epidermis this
Gram-positive zone was markedly increased
in thickness and seemed to extend into the
lower two-thirds of the stratum corneum. No
Gram-positive staining was identified in the sub-
granular epidermis.
Epidermis studied by the technic used for
the demonstration of glucosidase revealed re-
active granules before and 12 hours after ir-
radiation in basal and spinous layers.
Epidermal scrapings and biopsies
from scraped pelts
Aliquots of the material scraped from the
pelts were examined by light microscopy after
staining with hematoxylin-eosin. Fragments of
epidermal and follicular epithelium were present
in the scrapings. A few bundles of dermal
collagen fibers and a few fragments of sebaceous
glands were also present.
Electron microscopy of irradiated epidermis
The principal changes in the epidermis 6
and 12 hours post-irradiation were 1) increased
numbers of irregular dense bodies (dense
bodies were present in only small numbers in
the basal cells of unirradiated epidermis), 2)
intracellular vacuolation (1), and 3) increased
thickness of stratum granulosum.
Differences were noted in the ultrastructure
of epidermal cells 6 hours post-irradiation as
compared with those 12 hours post-irradiation.
In the 6 hour specimens, vacuolation and
intercellular edema were predominantly in the
basal layer, whereas at 12 hours these changes
were also observed in spinous and granular
layers.
Irregular dense bodies. In the epidermis 6
hours post-irradiation, dense bodies were ob-
served principally in the basal and midspinous
layers. Although in the 12 hour specimens, only
a few dense bodies were observed in the basal
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layer, they were plentiful in mid- and upper
spinous layers.
The dense bodies, scattered apparently at
random in cells of basal and spinous layers,
had a major axis of 0.2 to 0.9 s, with a mean
of 0.51 . Two basic types of dense bodies
were recognized: 1) those having in section an
irregular, ink-blot outline with clusters of
tiny (50 to 90 A) denser particles clinging
to the outer surface and frequently exhibiting
lines of chatter artifact in the interior, and, 2)
those with a round or oval outline, denser than
the first type, with no particles clinging to the
outer surface and no internal chatter artifact.
(Fig. la and b; Fig. 2b and c). Although
there was considerable overlap in the range of
sizes of the two dense body types, in general,
the more irregular ones were larger than those
that were round. No limiting membrane could
be discerned on either body. The two types
were present in approximately equal numbers
in the cytoplasm of basal cells whereas only
the rounder, denser bodies were present in the
spinous layers. The finding of numerous cyto-
plasmic dense bodies in the irradiated epi-
dermis was in contrast to the unirradiated
controls in which, only rare dense bodies con-
fined to the basal layer were found.
Stratum granulosum. Another effect of ultra-
violet irradiation of guinea pig epidermis was
an apparent increase in the thickness of the
stratum granulosum occasionally observed at
the 6 hour interval, and observed in many
specimens 12 hours after irradiation. (Fig. 3)
The stratum granulosum in normal guinea pig
epidermis is a relatively thin layer. In previ-
ously published reports (5, 6) and in our own
material, the stratum granulosum of normal
guinea pig epidermis is 1 to 2 cells thick. How-
ever, in some specimens examined at 6 hours,
and in many specimens examined 12 hours
post-irradiation, the stratum granulosum was
3 to 4 cells thick.
The keratohyalin granules of the lowermost
cells in the stratum granulosum were of small
size, with progressive increase in size toward
the upper cells of this layer. This increase in
size culminated with the largest granules being
found in the uppermost cells of the stratum
granulosum. The longest axis of most of the
dense structures in the lowermost cells of
stratum granulosum measured 0.2 to 0.44 j.
This was in contrast to the major axis of the
less dense, sometimes internally striated or
vesicular Odland bodies found in the lowermost
cells of the stratum granulosum. The Odland
bodies measured 0.12 to 0.2 in longest diame-
ter.
Keratohyalin in irradiated epidermis was
similar in appearance to that in unirradiated
control. As previously described (5, 6) there
were aggregates of small 60 to 290 A (mean of
160 A) particles clinging to the surface of
many keratohyalin granules. In contrast to
the almost invariable association of keratohyalin
with tonofibrils in human skin, many kera-
tohyalin granules were found to be una.ssoci-
ated with tonofibrils within the plane of a
single section.
Electron microscopy of irradiated epidermis
(sections treated with enzymes or
hydrogen peroxide)
Sections of irradiated human epidermis ex-
posed to enzymes were examined. o-amylase
consistently lysed the dense bodies from the
cytoplasm of basal cells of human epidermis.
Sections exposed to the buffer as control ex-
hibited no change in the appearance of the
dense bodies. The following enzymes had no
discernible effect on the dense bodies: trypsin,
pepsin, lipase, RNase, hyaluronidase, murami-
dase.
Likewise, sections of irradiated guinea pig
epidermis incubated with diastase were studied.
There was consistent lysis of irregular dense
bodies from basal and spinous layers by the
diastase solution (Fig. 2a), whereas no action
was observed on the dense bodies in those
sections exposed to the buffer solution as con-
trol. The diastase solution had no apparent
effect on other cytoplasmic organelles except
keratohyalin.
Keratohyalin was affected by incubation
with diastase solution, while the buffer solution
had no effect. Keratohyalin granules exhibited
an overall decrease in density, but many small
round foci within each granule retained a dense
appearance. (Figs. 5 and Ga) These dense foci
varied from 165 to 495 A (mean of 317 A).
Keratohyalin in sections incubated with hy-
drogen peroxide showed marked diminution of
density except at the periphery of the granule
where a dense 120 A membrane remained.
(Figs. 6b and c) Within each keratohyalin
granule in sections treated with peroxide, fine
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Fia. la. Two types of dense body (Db) in the same basal cell. Mitochondria (M). Desmo.-
somes (De). Intercellular space (Is). Basement membrane (Bm). X20,000.
Fic. lb. Three irregular dense bodies (Db) in a single basal cell. Each dense body exhibits
chatter artifact. Tonofibrils (Tf). Small dense particles (P) of 60—290 A size. Mitochondrion
(M). Basement membrane (Bm). X 20,000.
dense striations remained, however, resolution
was not adequate for accurate measurement.
Also within such keratohyalin granules were
round, electron light annuli, The longer diame-
ter of the clear, inner zone of each annulus
(excluding the dense ring itself from measure-
ment) was 150 to 760 A (mean of 325 A). In
many sections treated with hydrogen peroxide,
irregular dense bodies showed a markedly de-
creased density.
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FiG. 2a. Dense body (Db) in a basal cell 6 hours post-irradiation; section incubated with
diastase solution for 6 hours. Contrast light appearance of this enzyme-treated dense body
with the denser appearance of dense bodies (Figs. 2b and c) in sections incubated with
buffer solution for 6 hours. Nucleus (N). Basement membrane (Bm). X 42,500.
FiG. 2b and c. Dense bodies (Db) in basal cells, 6 hours post-irradiation; sections incubated
with buffer solution for 6 hours. In 2c, fine particles (Fp) of 50—90 A coat the margins of the
dense body and contrast in size with larger particles (P) of 60—290 A in adjacent cytoplasm
and apparently smeared across the surface of the dense body by the process of sectioning.
Basement membrane (Bm). X 42,500,
4Ct*•.
7.
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FIG. 3. Stratum granulosum and upper stratum spinosum, 12 hours post-irradiation. In-
creased thickness of stratum granulosum is evident, at least three layers of cells containing
structures suggestive of keratohyalin (Kh). The impossibility at present of distinguishing
between keratohyalin and irregular dense bodies at the lower edge of the stratum granulosum
led to the designation of the structures as "X". Stratum corneum (SC). Desmosomes (De).
Odland bodies (0). Mitochondria (M). X 15,200.
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Fre. 4a. Section of Sediment II embedded in Maraglas and incubated on buffer solution
for 6 hours. Dense bodies (Db) of 0.2 to 0.5 predominate, but there is a mixture also of
mitochondria (M) and granular debris. x 27,500.
FIG. 4b. Section of Sediment II incubated on diastase solution for 6 hours showing lysis
of structures of 0.2 to 0.6 size. Dense material on section is precipitate (Pt) from enzyme
solution. X 27,500.
Electron. microscopy of cytoplasmic tial centrifugation were the same as those ob-
particles obtained by differential tamed by the mechanical separation tech-
cent rifngation nique for biochemical analysis. In addition,
The size, shape, and density of irregular the same particles from the mechanical sepa-
dense bodies in sediments obtained by differen- ration (filtrate) procedure and from differen-
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Fio. 5. Section through stratum granulosum, 12 hours post-irradiation, incubated on
diastase solution for 6 hours. There is general decrease in density of keratohyalin (Kh). Re-
tention of density by 320 A foci within each keratohyalin granule is evident, giving each
granule a speckled appearance. Nucleus (N). X 17,500.
tial centrifugation (Sediment II) were removed
by diastase digestion. The similarities in mor-
phology and responsiveness to diastase of the
dense bodies obtained by differential centrifu-
gation and by mechanical separation technies,
to the dense bodies in electron microscopic see-
tions of intact epidermis, suggest these bodies
are identical.
Sediment I contained a mixture of cellular
components. Keratohyalin granules of large size
(up to 1.5—2.0 ) predominated. Also present
were fine particles (60 to 290 A) as well as a
— a; :a't2
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FIG. 6a. Enlargement of a keratohyalin granule from Figure 5 to illustrate the approxi-
mately 320 A dense foci retained after diastase treatment. X 52,500.
Fia. 6b and c. Sections through stratum granu1osum 12 hours post-irradiation, trea.ted with
hydrogen peroxide. General decrease in density of each keratohyalin granule (Kh) with re-
tention of density by a 120 A wide membrane-like structure (Me) enclosing each granule.
Annuli (A) with clear centers measuring approximately 320 A are evident within each
granule. X 52,500.
few cytomembranes, intact nuclei, and mito- fragments of stratum corneum cells were seen,
chondria. Oval and slightly irregular dense as well as rare collagen fibrils.
bodies in the size range of 0.2 to 0.4 p. (major Sediment II consisted predominantly of oval
axis) were present in small numbers. A few and slightly irregular dense bodies having a
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size range of 0.2 to 0.5 p. (major axis). (Fig.
4a) A few larger granules (1.5 to 2.0 p. or
larger) having the shape of keratohyalin were
present. Fine particles (60 to 290 A) and mito-
chondria were also observed in this sediment.
Mitochondria were more abundant than in
Sediment I. Rare cytomembranes were seen.
Electron microscopic sections prepared from
Sediment IT (or material retained by the 0.45 p.
filter) and incubated in the presence of diastase
exhibited a marked diminution in electron
density of the oval and irregular bodies of 0.2 p.
to 0.6 p. in size when compared to those in
serial sections not exposed to the diastase (Fig.
4b).
Biochemical assay
The results of incubating material from con-
trol and irradiated skin with a-amylase may
be seen in Table IT. These results showed that
a-amylase has less effect on material prepared
from irradiated skin than from control skin.
The criterion for the effect was alteration of
the material to allow passage through the 0.45 p.
filter. Inability of this enzyme to show a higher
carbohydrate yield from the irradiated sample,
when, the filtrate analysis, Table IV, showed
there was an increase of total carbohydrate
in the irradiated tissue, led to the use of a less
specific carbohydrase system.
The results of incubation of the material
from control and irradiated tissue with diastase
are shown in Table III. These results show that
diastase had more effect on the material pre-
pared from irradiated skin than from unir-
radiated skin.
Chromataographie analysis of the diastase
digest of both the glycogen and the 0.45—3 p. par-
ticles obtained from irradiated guinea pig epi-
dermis are shown in Figure 7. This chromato-
TABLE II
Mean values (x) of three a-amyiase experiments
shown with the standard errors
Scale represents milligrams (X l0) carbohy-
drate per gram wet tissue weight of the epidermal
scrapings.
Control X
TABLE III
Values obtained with diastase digestion, given as
milligrams of carbohydrate per gram wet tissue
weight of the epidermal scrapings
0.26
0.24 0.44
0.28
2.40 3.95
0.27 0.44
0.016
gram shows the individual tube contents as they
appear after the initial cellulose fractionation.
A correspondence of tube numbers was shown
between the diastase digestion of glycogen and
that of the cytoplasmic particles, tubes 6 to 8
indicating glucose, tubes 9 to 12 indicating
maltose. When tubes 6 to 8 and 9 to 12 from
the cytoplasmic particle preparation were
pooled, lyophilized, and fractionated a second
time on a cellulose column, a similarity to
glucose and maltose could be shown. (Fig. 8)
Other solvent systems duplicated the results
shown in Figure 8.
DISCUSSION
The epidermal irregular dense body is an
organelle demonstrated by electron microscopy.
Experiments
1 2 3 Mean
Control tissue 0.0044 0.0086 0.0070 0.0067
Irradiated tissue 0.0058 0.0104 0.0097 0.0086
TABLE IV
Values from analysis of the filtrate obtained in
preparation of the refined homogenate, given in
milligrams of carbohydrate per gram wet tissue
weight of the epidermal scrapings
Experiment Control Irradiated
1 0.30 0.47
2 0.23 0.25
3 0.18 0.41
4 0.31 0.46
5 0.26 0.53
6 0.34 0.59
7 0.43
9
Sum
Mean
Std. Error
0.37
0.010
rrad a ted
A A A 4 A A A A A20 25 30 35 40 45 50 55 60
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FIG. 7. Thin layer chromatogram showing the diastase digestion products after fractiona-
tion on the first cellulose column of glycogen (K) and guinea pig preparation (A). Maltose(M) and glucose (G) are used for standard reference. The numbers represent tube frac-
tionation numbers.
The formation of it is significantly influenced
by ultraviolet irradiation of epidermis.
Although rare irregular dense bodies can be
found in the basal cells of unirradiated epider-
mis, they increased markedly in numbers in
irradiated epidermis. Of the two types of dense
bodies that have been recognized in guinea pig
basal cells, only the rounder, denser one has
been observed at higher levels in epidermis.
Although at 6 hours post-irradiation, dense
bodies are confined mainly to basal and lower
spinous layers, at 12 hours, they are found pre-
dominantly in the mid- and upper spinous
layer. For this reason, at 12 hours post-
irradiation, it is difficult to be certain on
morphologic grounds, whether dense cyto-
plasmie granules present in the uppermost cells
of the stratum spinosum represent dense
bodies which have migrated upward from lower
levels, or whether they are keratohyalin gran-
ules already present in the lowermost cells of
the stratum granulosum. There is a similarity in
size, shape and density of keratohyalin granules
in the granular layer with dense bodies in the
mid- and upper spinous layers.
The stratum granulosum in irradiated guinea
pig epidermis is thickened when compared with
that in unirradiated epidermis. Whereas the
stratum granulosum in unirradiated epidermis
is 1 to 2 cells in thickness, that in irradiated
epidermis is 3 to 4 cells thick, implying that
there is an increase in numbers of keratohyalin
granules.
Four observations of IJV-irradiated guinea
pig epidermis suggest that there is a relationship
between the irregular dense body and kerato-
hyalin: a) similarity in appearance of dense
cytoplasmic granules in lowermost cells of the
stratum granulosum to irregular dense bodies
found in stratum basale and stratum spiriosum,
b) increased thickness of stratum granulosum
observed shortly after the appearance of in-
creased numbers of dense bodies in stratum
basale and stratum spinosum, c) total removal
of irregular dense bodies and partial removal of
keratohyalin granules in sections treated with
diastase, and, d) partial removal of both dense
bodies and keratohyalin in sections treated
with hydrogen peroxide. The irregular dense
body could be interpreted as a precursor of
keratohyalin in the irradiated guinea pig epi-
dermis. It is to be emphasized that as yet, 'no
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similarity has been observed between the epi-
dermal irregular dense body and keratohyalin
in the irradiated human skin.
The focal densities remaining within kera-
tohyalin granules after diastase digestion may
be the counterpart of the clear centers within
annuli unmasked by hydrogen peroxide treat-
ment. Their size range is similar. In Figure 7
of a report by Brody (6) there is a suggestion
of oval or round annuli within a keratohyalin
granule. The striations appearing within kera-
tohyalin after hydrogen peroxide treatment
were so poorly resolved, it was impossible to
measure them reliably. Although there was ap-
parent fusion of tonofibrils with keratohyalin
in many untreated sections of both irradiated
and control epidermis, there was also a large
number of keratohyalin granules apparently
unassociated with tonofibrils, though such
granules had clusters of dense, 60 to 290 A
particles clinging to their surfaces. The mem-
brane apparent around some keratohyalin in
those sections of guinea pig epidermis treated
with hydrogen peroxide cannot be interpreted
at present, but, together with the other ob-
servations, suggests keratohyalin has a sub-
structure amenable to exploration by histo-
chemical technics.
The observation of periodic acid-Schiff posi-
tive granules in basal and spinous layer cells
of the guinea pig 12 hours post-irradiation
prompted consideration of a relationship exist-
ing between these granules and the irregular
dense body observed by electron microscopy.
That both PAS-positive granules in light
microscopic sections and irregular dense bodies
in electron microscopic sections were both re-
moved by diastase supports this possibility.
Although the irregular dense bodies have a
resemblance to organelles described in other
tissues as "lipid granules" (1), there was a
failure to demonstrate lipid in irradiated epi-
dermis by histochcmical stains for light mi-
croscopy. Furthermore, histochemical evidence
does not support the idea that the dense bodies
are mucopolysaccharide in nature, even though
the irradiated epidermis exhibits a marked in-
crease in the Gram-positive zone located at the
junction of the stratum granulosum with the
stratum corneum.
The rationale for performing differential
centrifugation was to study morphology of the
Fie. 8. Thin layer chromatogram showing the
results of the second cellulose fractionation of
tubes 6 to 8 and 9 to 12 of the first cellulose frac-
tionation. Glucose (G) and maltose (M) are used
for standard reference.
dense bodies and their response to enzymes,
rather than to make a quantitative comparison
of irregular dense bodies in control and ir-
radiated specimens. Large irregular dense struc-
tures in the size range of 1.5 to 2.0 were
found predominantly in Sediment I and though
found in small numbers in Sediment II, were
unaffected by diastase. In Sediment II, only
bodies in the size range of 0.2 to 0.6 were
lysed by diastase. Although we believe the 0.2 to
0.6 bodies found in the sediment are irregu-
lar dense bodies, the possibility cannot be ex-
cluded that a portion of these bodies may be
small keratohyalin granules. Similarly, the di-
astase digestion of guinea pig material re-
tained by the 0.45 Millipore filter resulted
in lysis only of bodies in the range of 0.2 to
0.6 .
The carbohydrate yield from diastase di-
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gestion of irradiated material retained by the
0.45 p. filter was significantly higher than that
obtained from the unirradiated material. The
large number of irregular dense bodies present
in irradiated epidermis parallels an increase in
epidermal carbohydrate content as assayed by
diastase digestion but not by a-amylase di-
gestion. This could be explained by (a) atypical
structure of glycogen, i.e. with a preponder-
ance of r, 1—6 linkages, not susceptible to
a-amylase, or (b) enclosure of glycogen within
an amylase-resistant material.
The histochemical, enzymatic, and chromato-
graphic evidence permit the inference that the
irregular dense body is glycogen. That glycogen
seems to accumulate in TJV-irradiated epidermis
is not surprising, as glycogen has been reported
to accumulate in epidermis after a variety of
types of injury (7—10).
The observations are consistent with the idea
that accumulation of cytoplasmic, glycogen-
containing bodies results from decreased activ-
ity of glucosidase caused by ultraviolet irradia-
tion. Since glycogen synthesis and degradation
occur by different pathways, interference with
the pathway for degradation would result in
an accumulation of atypical glycogen. This,
in turn, would result in a decrease in glucose
available. This could lead to utilization of alter-
nate energy sources with formation of abnormal
metabolites which may be responsible for
changes seen in irradiated skin.
SUMMARY
The epidermal irregular dense body influ-
enced by ultraviolet irradiation was studied by
electron microscopical, histochemical, and bio-
chemical techniques. This body, rarely found
in the basal layer of unirradiatcd epidermis,
increases markedly in numbers after ultraviolet
irradiation and migrates into upper strata of
epidermis where it is indistinguishable from
small keratohyalin granules. A review has been
made of those observations suggesting that
the epidermal irregular dense body is a pre-
cursor of keratohyalin. Evidence has been
found that the epidermal irregular dense body
is of glycogen-like composition. Decrease in the
activity of a-D-glucosidase as a result of ultra-
violet irradiation may be the initial event lead-
ing to the observed biochemical and morphologic
changes.
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DISCUSSION
Da. PETER FLESCH, Philadelphia, Pa.: Did
you try some other agents which would pro-
duce keratohyalin granules and see if they
also elicited the formation of dense bodies?
Da. KEN HA5HIM0TO, Boston, Mass.: The
irregular dense bodies which Dr. Nix and
his co-workers labeled as novel organelles appear
to be identical with those reported previously
by several investigators in certain types of
human skin lesions and in the oral mucous
membrane: Hanuinvá in psoriasis (Arch. din.
exp. Dcrm., 210: 227, 1960; Ibid, 214: 6,
1961), Matoltsy and Matoltsy in nail infected
with fungi, (J. Invest. Derm., 38: 323, 1962),
Swanbeck and Thyresson in psoriasis (Acts.
Derm.-Ven., 42: 445, 1962) and in normal hu-
man buccal mucosa by Hashimoto and Lever
(Derm. Woch'sch'ft, in press). As far as the
chemical composition of these granules is con-
cerned, Hanuiová demonstrated positive Sudan
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Black B stain in these granules and Swan-
beck and Thyresson have determined a
crystallographic repeat of 47 A of the substance
contained in these granules, which they have
assumed to be a saturated triglyceride not
present in the normal skin. Since these bodies
are present in various, unrelated conditions
which are, however, uniformly characterized
by a fast turn-over of the epidermal cells (i.e.
parakeratosis), I assume that they represent
normal epidermal lipids which were carried up
without being incorporated in the keratin.
Now, the presentor states that the sub-
stances making up these irregular, dense bodies
are amenable to diastase digestion. If so, I
would question why one of the lead stains used
for electron microscopy, probably employed
in the preparation of the sections shown here,
did not show precipitates of lead in these
bodies. Furthermore, I wonder if the presentor
employed Movat's silver methenamine method
(Am. J. Path., 35: 528, 1961) which stains
glycogen, mucopolysaccharides, glycoprotein
and glycolipid.
Dii. THOMAS E. Nix, JR. (in closing): In
answer to Dr. Flesch, we did not try other
technics to induce increased numbers of
keratohyalin granules. In answer to Dr. Hashi-
moto, we did use the lead hydroxide stain in
an attempt to see if there were increased stain-
ing which might indicate glycogen. However,
there was no preferential staining of this body
by the lead hydroxide stain. I think there is,
however, some debate about the specificity of
the lead hydroxide stain as one for glycogen.
In regard to the silver methenamine stain,
we did not use it.
Whether this is a lipid body is an unsettled
question. We did not find any evidence by our
histocbemical stains for light microscopy that
it was lipid, but it is possible that this could
be some proteolipid which is not detectable by
present, rather crude histochemical technics.
